Introduction: Obesity has been considered a global epidemic and a serious public health problem closely related to other diseases. Moreover, obese individuals have limitations in physical capacity and pulmonary function. Weight loss induced by bariatric surgery appears to help reverse this situation. However, questions about physical capacity and lung function, and its relationship with body composition remain to be clarified. Objective: To evaluate the physical capacity, body composition and lung function in women undergoing bariatric surgery. Methods: Twenty five women who underwent bariatric surgery between 6 and 24 months ago, and 10 non-obese women were evaluated for exercise capacity by the six minutes walk test (6 MWT), body composition by bio-electrical impedance analysis and lung function by spirometry and measurement of maximal static respiratory pressures. Results: Subjects with BMI <30 kg/m 2 were found to have better physical performance, demonstrated by increased 6 MWT distance, not differing from non-obese women. When compared with non-obese women, there were no significant differences in body composition and lung function. Higher BMI was correlated with shorter distances in 6 MWT. Conclusion: 6 to 24 months after surgery, when the weight loss of patients who underwent bariatric surgery reaches levels considered non-obese, it provides improvement in physical performance to a level similar to that of non-obese patients.
INTRODUCTION
According to the World Health Organization (WHO), in 2008, over 200 million men and approximately 300 million women were obese [1] . This number is double the value recorded in 1980 [1] . Thus, obesity has been considered a world epidemic and serious public health problem, since it is associated with other various diseases, such as: diabetes mellitus, systemic arterial hypertension, dyslipidemia, obstructive sleep apnea and others [2, 3] .
Obesity is also associated with compromised lung function, such as: reduction in pulmonary volumes, reduction in strength and endurance of respiratory muscles, increase in respiratory work, and reduction in mobility of the diaphragm muscle and hypoxemia [4] [5] [6] . These alterations are caused by compromise of the ventilatory mechanics observed in obese individuals, which are proportionally worse as the body mass index (BMI) increases, and in situations which the body fat distribution is located mainly in the abdominal cavity (central obesity) [4] [5] [6] . In addition, there are factors of inflammatory and metabolic origin related to obesity, which also negatively influence lung function [4] .
In addition to compromising lung function, some studies have demonstrated that obesity is also related to a reduction in physical exercise capacity and oxygen consumption (VO 2 ) [7] , and this reduction gradually becomes accentuated with the increase in BMI [8, 9] . This poor aerobic conditioning observed in the obese may be due to both the harmed cardiovascular function [10] and the low oxidative capacity of the skeletal muscle [11, 12] . The six minute walk test (6MWT) has been used to evaluate the functional capacity of these patients, since it can be performed by severely limited individuals, and those who do not tolerate other functional capacity evaluation tests [13] .
Within this context, bariatric surgery has been considered the treatment of choice in cases of morbid obesity, as it results in a significant and sustainable weight loss, in addition to great improvement in associated diseases [2] . Therefore, in spite of recent studies having demonstrated positive post-bariatric surgery weight loss results in the pulmonary and cardiovascular systems [13] [14] [15] , there is still a gap in the information about the physical and functional respiratory performance of subjects undergoing to bariatric surgery, and the relationship with body composition, particularly, in the medium and long post-operative term, thus justifying the research for further information.
Based on these data, the aim of this study was to compare the physical capacity, body composition and respiratory functional capacity of women submitted to bariatric surgery, with those non-obese, sedentary women.
METHODS

Type of Study
This study, characterized as a cross-sectional type, conducted in the Laboratory of Reparatory Functional Evaluation (LARESP) at Nove de Julho University (UNINOVE), was submitted to and approved by the Research Ethics Committee (CEP) of the institution, under Protocol No.410518.
Sample
The sample size calculation was made, considering the main variable to be the six minute walk test distance (6 MWTD) . Therefore, the sample calculation was applied considering a power of 80% with an alpha error of 0.05 (20%) and the sample suggested was 10 volunteers for each group.
Patients undergoing to bariatric surgery, whose data belonged to the database of the Mandaqui Hospital Complex and the Irmandade da Santa Casa de Misericórdia de São Paulo were evaluated. Contact was made by telephone, with 113 women who met the inclusion criteria, as follows: they had to have been submitted to bariatric a minimum of 6 months and maximum of 24 months ago; they had to be apt to undergo the proposed physical and functional respiratory test, and be older than 18 years of age. Of these 113 volunteers, 48 accepted participating in the study; however, 22 of them dropped and 1 (one) was unable to perform all the tests because she was physically unable to do so, and was therefore excluded. Thus, the Bariatric Group (BG) was composed of 25 patients. At the time of evaluation, as some of the BG patients were still obese (BMI ≥ 30 kg/m 2 ) even after the surgery, for analysis of the results, this group was divided into two other groups, one being denominated Obese Bariatric Group (OBG) and the other Non Obese Bariatric Group (BMI < 30 kg/m 2 ) (NOBG), as illustrated in the experimental design in Figure 1 .
To compose the Control Group (CG), 10 healthy sedentary women, in the same age group as those of BG, with a BMI of 18.5 kg/m 2 to 24.9 kg/m 2 were recruited. The data of sample characteristics are shown in Table 1 .
Experimental Procedure
All the procedures were previously explained to the patients, and took place at LARESP on the same day, according to the sequence described as follows.
Initially an interview was held, with the collection of data that included personal data, clinical history, associated diseases, and personal antecedents. After this the patients were weighed on an Electric Bioimpedance scale, submitted to Spirometry, respiratory muscle strength test (manovacuometry) and then to the six minute walk test (6MWT).
Evalutation Tests
Six Minute Walk Test (6MWT)-This test, with the aim of evaluating functional capacity, was performed by a trained evaluator, in a corridor 30 meters long, in which the patient was instructed to walk for six minutes. The following measures were evaluated: Heart rate (HR), peripheral pulse oxymetry (SpO 2 ), arterial body pressure (BP), respiratory rate (RR) and the Borg scale for dyspnea and lower limb tiredness at the beginning and end of each test. During the entire test, the patient was monitored by means of an oxymeter, with HR and SpO 2 .
Electric Bioimpedance-The patients were weighed barefooted, on an electric bioimpedance scale (BC 554-Tanita Iron Man®), with their feet having been previously cleaned with a 70% alcohool solution. This same opportunity was taken to measure their height, using a wall stadiometer for this purpose. The BMI was calculated by dividing the body weight (kg) by the height in square meters (m 2 ).
All the data with reference to the follow were collected: body fat, total water, muscle mass and bone mass.
Other authors have shown [16, 17] that the Electric Bioimpedance, used in this study to evaluate the physical constitution of the volunteers had a good correlation with Dual X-ray absorptiometry (DEXA), which is the technique considered the gold standard for measures of physical constitution.
Spirometry-For spirometry, an Easy on-PC VA 1.0.0.7 Spirometer of the NDD Medizintechnik AG® Brand (Zurich, Switzerland) was used. The tests were performed by the same evaluator and the patients used a nose clip, and remained seated. A minimum of three acceptable and reproducible curves, and a maximum of eight measures were collected, and the highest values were computed. All the procedures were performed in accordance with the guidelines of the American Thoracic Society (ATS) and European Respiratory Society (ERS) [18] in a duly climatized room with controlled temperature and barometric pressure.
The maneuvers of Slow Vital Capacity (SVC), Forced Vital Capacity (FVC) and Maximum Voluntary Ventilation (MVV) were performed.
Respiratory Muscle Strength (RMS)-To measure the RMS an analogical manovacuometer of the Ger-Ar ® brand was used, scaled in cmH 2 O, with an operating limit from 0 to ±300 cm H 2 O. The volunteers were in a seated position, and to obtain the maximum inspiratory pressure (MIP) they were asked to perform maximum expiration, up to the level of residual volume (VR), followed by maximum inspiration sustained for a minimum of 1 sec-ond. To obtain the maximum expiratory pressure (MEP) they were asked to perform a maximum inspiration up to the level of total lung capacity (TLC) and after this to perform a maximum expiration, also sustained for a minimum of 1 second. Both maneuvers were performed a minimum of three times, and a maximum of 5 times, so that the highest value was recorded, provided it did not differ more than 10% from the immediately lower value. In addition to the values obtained, the respective values foreseen for each volunteer were also calculated according to the reference equations for healthy individuals, proposed by Costa, et al. [19] .
Data Treatment and Analysis-The software program GraphPad Instat was used. The data are presented in tables as absolute values and standard deviations (SD). The Kolmogorov-Smirnov adherence test was used. For the comparison of variables in the 3 groups (OBG, NOBG and CG) the (one way) ANOVA and Bonferroni post-hoc tests were used. For correlation between the variables in the 6MWTD and BMI, Pearson's correlation was used.
RESULTS
Of the patients undergoing to bariatric surgery, 80% lost a minimum of 50% of their excess body weight (EBW); of whom 60% lost from 50% to 74% of EBW, and 20% lost from 75% to 100% of EBW. No patient gained weight or lost less than 25% of EBW. To compute the percentage of EBW (%EBW) the following calculation was used: from the initial weight (before surgery) the present weight was subtracted, thus the weight loss was obtained. Once again, from the initial weight, the ideal weight was subtracted, in accordance with a standardized table, and thus, the excess weight was obtained. The value of 100% was attributed to the excess weight, so that the value of weight loss is the percentage that was sought.
Six minute walk test (6MWT)-This test, with the object of evaluating physical capacity, was explored by the absolute values of the distance covered, percentages of the value obtained in relation to the predicted values [20]; in addition to the estimated values of VO 2 [21] . The patients of the OBG walked significantly less than the volunteers in CG and NOBG, however, without statistical difference between the latter two. In the tests between the groups, significant difference was also found between the estimated values of VO 2 . The VO 2 attained in 6MWT by the OBG was significantly lower in comparison with the values attained by CG and NOBG, however, without statistical difference for the latter ( Table 2 ). The distance walked in 6MWT (6MWTD) presented a negative correlation with the BMI (r = −0.59; p < 0.01), as illustrated in Figure 2 . 
Figure 2. Graph of correlation between six minute walk test distance (6MWTD) and body mass index (BMI).
Electric Bioimpedance-The physical constitution was evaluated by Electric Bioimpedance, by means of the following variables: % body fat; % of total water; % of muscle mass, and % of bone mass. It was found that there was significant difference between all the variables that composed the body composition among the patients of Groups OBG and CG; and OBG and NOBG. There was no statistically significant difference between NOBG and CG, and the patients in these groups presented a lower percentage of fat, and higher percentage of muscle mass, total water and bone mass than the OBG ( Table 3) .
Spirometry-The spirometric variables are presented in absolute values and percentages of those obtained in relation to the predicted values [22] . There was no statistically significant difference between the groups for the spirometric variables evaluated ( Table 4) . Table 5 in absolute and percentage values of those obtained in relation to the predicted values [19] . Although there was a trend towards the mean MIP and MEP values being lower in OBG, this was not statistically significant. 
Respiratory Muscle Strength (RMS)-The RMS values are presented in
DISCUSSION
According to the results presented, it was possible to verify that patients undergoing to bariatric surgery, but with a normal BMI, had a body composition and functional capacity similar to those of volunteers in the Control Group (non obese). On the other hand, patients submitted to bariatric surgery, but who still continued to be obese, walked less than the others, and therefore there is greater compromise of functional capacity, associated with a higher percentage of body fat and lower percentage of muscle mass. Moreover, 80% of the patients submitted to bariatric surgery lost a minimum of 50% of excess body weight after the period from 6 to 24 months after surgery, which is in agreement with findings in the literature [23, 24] .
The improvement in functional capacity after a great weight loss induced by bariatric surgery, has also been related by means of the increase in distance walked in 6 MWT and by the longer time of duration of exercise in the cardiopulmonary test [13, 25, 26] . A reminder, however, that not all the obese subjects find it easy to perform a cardiopulmonary test, but all found it easy to perform a 6MWT. Furthermore, as has been demonstrated by Maniscalco, et al. [26] , we could find a longer 6 MWTD, associated with a lower BMI value, confirming that patients with a lower BMI walked longer distances. This increase in the 6MWTD appears to be mainly due to the improvement in respiratory mechanics, and conesquently, greater ease in breathing during physical efforts, such as walking, in which, after weight reduction, there is also a reduction in work and energy spent to move the body during performance of the test, and improvement in cardiovascular function [25, 27] . Nevertheless, it must be considered that in spite of the increase in 6MWTD after large weight losses, this does not represent an improvement in aerobic capacity. Stegen, et al. [27] , have suggested that the implementation of a physical exercise program is necessary to achieve more effective benefits in the physical and functional performance of these subjects.
In spite of the 6MWT not offering sufficient information to determine the main causes in limitation on physical exercise [20] , this test has important advantages, mainly because it is simple, low cost, and because it is a sub-maximum test, very similar to the effort made during daily life activities, and can be easily be performed by obese individual, especially by those who do not tolerate maximum efforts [13] .
Another factor that may influence the 6MWTD is the percentage of lean mass. Some studies have demonstrated that patients submitted to bariatric surgery lose weight, both by means of the reduction in fat mass and in lean mass [27, 28] . Nevertheless, one has to consider that the loss of muscle mass may, alone, be a component that is harmful to physical performance, because contrary to this, our patients who presented a higher percentage of muscle mass were able to cover longer distances in TC6. According to Aquino, et al. [28] , the hypocaloric diet frequently prescribed in the post-operative period drives proteolysis to meet the metabolic demands, and this fact would explain the reduction in lean mass. Herein lies the importance of establishing a strict nutritional follow-up and programs of physical activities for post-bariatric surgery patients. These authors [28] suggest that diets with emphasis on protein consumption, associated with physical activity after bariatric surgery could be effective strategies for minimizing the loss of lean mass.
As regards the spirometric results, in addition to not finding any type of ventilatory disturbance, either of an obstructive or restrictive nature, no difference were verified in the spirometric variables between the different groups either, in spite of the difference in BMI among them, which is in agreement with the results of Domingos-Benício, et al. [29] , in which no significant difference was also observed in the FVC and FEV 1 between obese and non obese subjects. Nevertheless, controversies persist in the literature about respiratory volumes and capacities in obese subjects, because there is information that lower BMI values are related to higher spirometric values, when comparing obese and non obese or pre-and post-bariatric surgery subjects [15] .
In a similar manner to that which occurs with pulmonary function, observed by spirometry, respiratory muscle strength has also presented controversies in the data in the literature, because, while Dávila-Cervantes, et al. [15] found increases in MIP and MEP after weight loss induced by bariatric surgery, Wadstrom, et al. [30] found a reduction in respiratory muscle strength after bariatric surgery. Associated with this, Stegen, et al. [27] also found a reduction in peripheral muscle strength in obese subjects after bariatric surgery. This reduction has been attributed to the reduction in lean mass due to weight loss [27] . In the present study, although no significant differences in respiratory muscle strength were found between the different groups studied, it was shown that the absolute values of PImax and PEmax obtained in the obese patients were overestimated in the former and underestimated in the latter, according to the predicted values for non obese subjects [19] , in the same age range. This fact justifies the need for seeking equation of predicted values specifically for this population of obese individuals.
Attention is drawn to a limitation of this study, the fact that the patients were not evaluated before bariatric surgery, in order to obtain data with respect to the evolution and progression, or not, of pulmonary function and functional capacity, and of respiratory muscle strength.
CONCLUSION
Based on the results observed in this study, it could be concluded that the obese patients submitted to bariatric surgery, with normal BMI, have functional capacity and body composition similar to that of non obese subjects, while those who continue to be obese, have greater compromise of their functional capacity associated with a higher percentage of body fat and lower percentage of lean mass. Furthermore, it was concluded that the longer distance covered in the walk test was related to the lower BMI value.
